With the continuous improvement of the planning system for urban subway construction, shield tunnels are being more frequently constructed, and thus, the floating problem of shield tunnels in construction has been paid increasingly more attention. In view of this, in this paper, with the combination of numerical simulation and theoretical analysis, the problem of floating segments compressing the overburden in the deep shield tunnel is discussed. e influential factors of the pressure arch effect are analysed using numerical simulation, the compressive displacement of soil in the plastic zone is investigated in a focused manner based on the pressure arch effect, and the problem of floating segments that the Mindlin solution is applied to under the actions of distributed force and concentrated force is solved. e results show the following: (1) the displacement of the segment is composed of the shield tail gap, the compressive displacement of the soil, and the translational displacement of the soil; (2) the intensity of the pressure arch effect is interactively influenced by the thickness-diameter ratio and the soil properties; (3) the compressive displacement of the soil mass accounts for a larger proportion of floating segment-induced displacements; and (4) the perturbation influence calculation formula of the surrounding strata and the building structure is obtained based on the Mindlin solution.
Introduction
In the construction of urban underground rail transit, shield tunnelling is increasingly adopted due to its unique advantages in high construction efficiency, minimal noise and disturbance, high automation, and good stability control of surrounding soils. With continuous exploitation of urban underground space, the increase in the buried depth of shield tunnelling is a problem that is faced frequently by engineers. In this respect, the pressure arch effect is going to exert more remarkable impacts on shield tunnelling. e pressure arch effect has been discovered and analysed for ages. Terzaghi [1] proposed an explanation of the roof arch and the formation mechanism of the ground arch with the loosened ground zone on account of the tunnel construction. Research in this area has included numerical simulations [2] [3] [4] [5] [6] , theoretical analyses [6] [7] [8] [9] , and experimental tests [10, 11] .
Koseki et al. [12] carried out a series of model tests to research the uplift mechanism of various underground structures and obtained the safety factor of underground model structures. e results showed that the uplift of the structures was accompanied by the lateral deformation of the surrounding subsoil. Zhu et al. [13] analysed how the soil pressure, soil displacement, and contact force between soil particles act on the segments against different shield tail gaps, different buried depths, different diameters, and different surrounding soil in dints using laboratory tests, and the results showed that soil arch effect occurred at the scope of 1 to 2 times the shield diameter above the tunnel. Li [14] proposed the formation conditions and the criteria of the pressure arch of the closed ring form, investigated the laws between the overlying or underlying stratigraphic distributions and the natural critical arching depth, and established the indexation formulas of the critical depth for shallow and deep tunnels based on the critical arching of single horizontal surrounding soil. Lee and Rowe [15] carried out a series of centrifugal model tests and numerical simulations and determined the boundaries of the arching zones for single tunnelling. Zhang et al. [16] numerically analysed the soil arch throughout the tunnel excavation with respect to the deformation rule of the surrounding soil and stress redistribution. Kong et al. [4] released a method to identify and quantify the extent of the pressure arch using the inner boundary, outer boundary, and centroid line.
Due to the soil arch, in deep or hard soil layers, the vertical soil pressure acting on the segments is not the selfweight of the overburden but a much smaller pressure, as evidenced by a series of field measurements. Segments are covered by groundwater, grout, and slurry and then subjected to the buoyant force. In case the buoyant force is higher than the sum of the self-weight of segments and the overburden, segments will float upward locally. According to the shield tunnelling monitoring data from Shanghai, Guangzhou, Beijing, and other places, the problem of floating segments has become common in shield tunnelling construction. e maximum floating values reached 100 mm and 150 mm in the Dalian Road Tunnel and the Xiangyin Road Tunnel, respectively, during their construction. In the Sheng-Tian section in line 3 of the Nanjing Metro, the depth of the shield tunnel was 28 m on average, the EPBM (Earth Pressure Balance Machine) with a diameter of 6.4 m was adopted, and the maximum floating value in the construction process reached 76 mm. In line 3 of the Xi'an Metro, floating segments occurred while segments moved out from the shield tail and the maximum value reached 100 mm.
A substantial number of studies have investigated floating segment-induced engineering problems such as the large deformation of the tunnel, the failure of the waterproof layer, and the deviation of the tunnel axis. Ye et al. [17] [18] [19] carried out a further study on the causes and effects of floating segments, established the local and longitudinal overall antifloating calculation model, and, moreover, discussed the influence of the joint effect at the segment rings on floating segments. Huang et al. [20] proposed a full-scale model of the horizontal lining structure with the entire ring staggered to conduct a test for the floating problem, thereby determining the value of the stiffness reduction coefficient and the resistance of the bolts of the segment ring. Wei et al. [21] analysed the complex force condition of the segment ring in the floating state and proposed the mechanical model and calculation formula. Ye et al. [22] adopted ABAQUS to build the floating segments numerical model in the construction period considering the fault and opening of the segment ring, and based on the model, the floating value was determined. Dong et al. [23] took the measured data and force analysis as the initial step in studying the phenomenon of floating segments on Nanjing Metro line 3 and investigated the timing of floating segments and measures to resist floating. Chen et al. [5] investigated the impacts of shield-driving parameters including the gradient of the grout pressure, jacking force, and pretightening force of the longitudinal bolts on the uplift behaviour.
Analysis of Floating Segment Perturbation
With respect to the causes of floating segments, Ye et al. [19] summarized them into six aspects. In the analysis of the mentioned aspects, according to different research angles, they can be divided into two groups, force analysis and displacement analysis. e former took the segment as the research object and analysed its stresses to explain the cause of the motion. Meanwhile, the latter studied the segment and surrounding soil as a whole to explore the movement. So far, existing research is mostly focused on the force analysis, and there has been less research on displacement analysis. In this paper, the influence of floating segments will be examined by means of displacement analysis.
2.1.
eoretical Analysis. During the shield tunnelling process, the segments separate themselves from the shield tail, after which the shield tail gap is formed around segments, which is relatively common in the case of favourable surrounding soil conditions. When the grout is injected into the strata, segments generally lie in the centre of the grout and are covered uniformly. When the surrounding soil is relatively weak, the soil above the segments moves sharply and largely, competing with the grout for the space that belongs to the shield tail gap, which contributes to the most disadvantageous force form of segments, as shown in Figure 1 .
e shield tail gap occurs in the shield tunnel throughout the whole construction. During excavation, due to the overexcavation of the cutterhead, the clearance is formed between the cutterhead and the shield shell, and the surrounding soil fills in along the direction of the shield shell to eliminate the gap. In the above process, the stress redistribution occurs in the overburden, thus developing the plastic zone. After the segment moves out from the shield tail, the gap enlarges and the existing loose body moves farther, thus resulting in the expansion of the plastic zone. With respect to the microscopic expression, due to the generation of the free face, the soil particles change from compression to tension and plastic deformation occurs. In the process of deformation, the constraining force between particles is weakened, the gap enlarges continuously, and the resulting soil becomes loose over time. Meanwhile, the grout is injected into the strata and fills in the adjacent gap to form the soil-grout induration. At this point, the soil in the plastic zone forms an annular body centring on the segment, which is gradually denser from the inside to the outside. e internal soil close to segments is unstable soil-grout induration, and the soil near the margin of the plastic zone is basically consistent with the properties of the undisturbed soil. If the surrounding soil with the same property is partitioned, the soils within the plastic zone can be regarded as a soil structure composed of several annular bodies, as shown in Figure 2 .
When the tunnel is relatively deep, the surrounding soil generates the pressure arch effect, which has a significant effect on the floating of segments. On the one hand, the presence of the pressure arch can reduce the gravity of the 2 Advances in Civil Engineering overlying soil acting on the segment, and the stronger the pressure arch effect is, the more obvious this effect. On the other hand, when the pressure arch effect is strong, it often means that the compactness of the soil is higher, the ability of the segment to compress soil is weaker, and the segment further promotes the overall movement of the soil in the plastic zone. erefore, when the geological conditions of surrounding soil are favourable, the floating space of the segment is limited, and no large floating displacement is generated. However, when the surrounding soil conditions are poor, if the segment lifts upward, it will cause greater damage. e overall variation of the surrounding soil at this time is shown in Figure 3 . When the segment lifts upward and compresses the soil, it is first contacted with the lower layer soil above segment and compresses it, the soil particles are squeezed into each other to gradually reduce the interstices between particles, and the intergranular occlusion is tighter. If the segment is subjected to force from the lower layer that is not enough to make it stand still, the segment will squeeze the soil of the lower layer and compress the sublayer soil with the floating posture until the segment reaches the force equilibrium and stops moving. During this process, the segment lifts the plastic body upwards, thus resulting in the compression and consolidation of the soil in the plastic zone. On the other hand, the gap below the segment left by the floating segment is quickly filled back by slurry, which leads to the void on the side of the segment induced by the drawdown of the liquid level on both sides of the segment, and the void is eventually filled by the soil being crushed in the upper part, as shown in Figure 3 . Due to the slow movement of the segment, it can be considered that when the segment reaches the force equilibrium, the floating motion is also terminated, and the compression displacement and the translational displacement of the soil in the plastic zone reach their maximums at the same time. In this process, the segment is compressed layer by layer under the action of the buoyant force, and the reverse compression of the soil in the plastic zone provides the displacement space for the upward movement of the segment.
e translational displacement equals zero if there has no floating occurred (Figure 4(a) ). Assuming that the soil in the plastic zone is a rigid body, as shown in Figure 4 (b), the soil in the plastic zone is subject to the upward buoyant force and moves upwards. From the macroscopic angle, the sum of the vertical translational displacement in the soil belonging to the part of the dark colour and the shield tail gap is the total displacement of the floating segment; however, soil is not rigid, as shown in Figure 4 (c). With the action of the upward buoyant force, the compression of the soil inevitably occurs and the translational displacement is small relative to rigid body assumption. e "disappearance" of the displacement results from the compression of the soils.
erefore, the research of the compression displacement is of great significance. On the other hand, the translational Advances in Civil Engineering 3 displacement changes are due to the change in the compression displacement of soils. Consequently, when the segments and surrounding soil are regarded as a whole in the research, it can be considered that the displacement of the segment uplift is mainly constituted by three parts in space: the shield tail gap in response to the excavation, the contraction displacement of the soil in the plastic zone induced by the pressure on the segment, and the gross translational displacement of soil in the plastic zone.
Numerical Analysis
Based on the above analysis, the numerical analysis is conducted in this paper to further study the compressive effect of overburden in a deep shield tunnel. e numerical analysis is mainly divided into three parts. First, the available dividing layers in the plastic zone are analysed to obtain reasonable numbers of layers in the plastic zone, which is convenient for the follow-up numerical calculation without impacting the numerical effect. Next, based on the arch effect of the overburden, the compressive displacement of soil in the plastic zone influencing the floating segment is researched specifically to investigate the magnitude of the effect.
Relevant Assumption

Figuration Assumption of the Plastic Zone.
In the displacement calculation of points around the tunnel, the lateral pressure coefficient λ is different, and thus, the displacement values and distributions are different. e tunnel profile is reduced uniformly as λ is equal to 1. Consequently, for the sake of convenient analysis, it is assumed that λ is equal to 1 in this paper.
During the mechanized tunnelling process, due to the gap between the outer diameter of the cutterhead and the outer diameter of the shield shell, the stress redistribution of the surrounding soil occurs until the grout fills into the gap. At that moment, because of the grout, the configuration of the plastic zone changes partly. Nevertheless, for the convenience of modelling, it is assumed that the configuration of the plastic zone is a circular ring.
Assumption of Soil Properties in the Plastic Zone.
When λ is equal to 1, the configuration of the plastic zone in the deep shield tunnel is a circle. Under the action of hydrostatic pressure, the Lamy solution of the stress field around the shield tunnel is shown as follows:
where σ r is the radial stress at any point of the surrounding soil, σ 0 is the initial stress of the rock mass, a is the radius of the circular tunnel, and r is the distance from any point to the tunnel centre.
From the Lamy solution of the stress field, there is a negative correlation between the radial stress at any point, σ r , and the ratio of the radius of the tunnel to the distance, a/r. According to similarity theory, it can be considered that the relevant physical parameters of soil in the plastic zone agree with the Lamy solution, i.e.,the change in the density, ρ, is similar to that in the radial stress.
Assumption regarding the Arch Conditions.
Generally, when considering the construction load and the changes after completion, when calculating the relaxed soil pressure and loose height, a lower limit value of the soil pressure must be set and the equivalent soil pressure under the overburden with the height of 2D, where D denotes the diameter of the tunnel, is adopted customarily. e calculation of relaxation soil pressure adopts the Terzaghi [1] formulas.
where h 0 is the loose height of the soil, σ v is the Terzaghi vertical relaxation pressure, B 1 is the width of the loose zone, K 0 is the ratio of the horizontal soil pressure to the vertical soil pressure (1 is generally taken), φ is the friction angle, c is the cohesion, c is the unit weight of the soil, and P 0 is the overburden.
In process of establishing the model, the radius of the plastic zone r 0 is based on h 0 , the loose height of the soil. In case 1, the loose height, h 0 , is less than two times the outer diameter of the tunnel, and the radius of the plastic zone is 5D/2 (here, D denotes the outer diameter of the tunnel). In case 2, the loose weight is larger than 2D, and the radius of the plastic zone is h 0 + D/2. e radius equation can be expressed as follows:
Here, r 0 is the radius of the plastic zone in the model, i.e.,the distance between the outer boundary of the plastic zone and the centre of the tunnel, and D represents the outer diameter of the segment.
Analysis of the Number of Critical Layers in the Plastic
Zone. In the plastic zone with a uniform soil layer, the properties of the soil change continuously from the segment to the outer boundary of the plastic zone. In the establishment process, in order to simulate the variation in an efficient manner, this paper adopts the limit to disperse it into the continuous layered zones. e thickness and soil parameters of each layer in the plastic zone are based on the graphics of the Lamy solution, as shown in Figure 5 . When the layers in the plastic zone continuously increase and the result of the model remains unchanged, the number of layers can be considered as the critical layer number, which is convenient to the model calculation and does not interfere with the result.
e parameters for the simulation model include that the diameter of the shield machine is 6.26 m, the outer diameter of the segment is 6 m, the inner diameter of the segment is 5.4 m, and the width is 1.5 m. e C30 reinforced concrete with the width of 0.3 m is assigned to the segment. Table 1 shows the soil parameters employed in the 3D FE model. In this part, a total of 10 different numbers of critical layers listing 0, 1, 2, 3, 4, 5, 6, 7, 8, and 9 are analysed.
For the convenience of model establishment, the average value of each layer is adopted as the soil parameter of the entire layer. In the beginning, the opposite force balancing the gravity is applied in the layers of the calculation region to simulate the initial crustal stress field. After the tunnel is excavated, the surrounding soil leaves the support of the original soil, resulting in the occurrence of relaxed deformation along the direction of the free face and the generation of the plastic zone. When the segment is out of the shield tail and subjected to static buoyancy and dynamic buoyancy, it floats upward and squeezes the soil layers in the plastic zone until a new balance appears, as shown in Figure 6 . e numerical simulation results show that with the gradual increase of the plastic zone layers, the properties of the soil in each layer gradually become continuous and the floating displacement and compressive displacement of the segments (the difference between the floating displacement of the segment and the translational displacement of the soil) increase significantly, of which the changes are approximately linear.
e value of floating displacements and vertical pressures at tunnel crown achieved the maximum among all the point on the segment, so we tested the floating displacements and vertical pressures at tunnel crown. When the plastic zone layers reach 8, two displacements tend to be stable and the vertical stress is almost invariant, as shown in Figure 7 . Consequently, it can be believed that when the plastic zone layers reach 8, the soil properties in the plastic zone are able to represent the actual plastic zone in this numerical simulation. As a result, the layers of the plastic zone are adopted as the critical number of layers to serve as follow-up studies.
Impact Analysis of Pressure Arch.
In existing shield tunnels, the ratio of the depth of the overburden to the outer diameter of the shield, i.e.,the thickness-diameter ratio (h/D), mainly distributes among 0.5∼10. As a consequence, the shield tunnel studied in this paper is in the section (2), (3), and (5), respectively, as shown in Table 2 .
e strength of the pressure arch effect is related to various conditions, such as the soil properties and depth. As a consequence, for the purpose of the unified judgement standard under different conditions, this paper introduces the judging factor, η. It can be expressed by
Here, σ v is the vertical relaxation soil pressure calculated by Terzaghi and σ is the calculation pressure of the model in the same condition.
Among the ten conditions, this paper extracts the vertical pressure under each condition, as shown in Figure 8 . e trend in the figure shows that the judging factor η decreases with the increase in the thicknessdiameter ratio and gradually stabilizes. When the ratio is relatively small, the judging factor is large, which indicates that in this condition, most of the overburden acts on the tunnel directly, thus resulting in the weakness of the pressure arch effect. When the ratio is large, the judging factor is small and tends to be stable, i.e.,in this condition, the pressure arch effect is relatively large and tends to be stable.
ere is a direct correlation between the strength of the arch effect and the soil property. Consequently, this paper adjusts the soil property to investigate the change in the pressure arch effect under the cross-influence of the thickness-diameter ratio and the soil property.
e soil properties are shown in Table 3 , and the change in the vertical pressure judgement factor in the case of a small ratio and a large ratio is shown in Figures 9 and 10 , respectively.
From Figures 9 and 10 , under a small thicknessdiameter ratio, the change laws of the judgement factor are the same for the different soil properties, and for the judgement factor, the thickness-diameter ratio accounts for a larger proportion. Currently, the arch effect inside the surrounding soil is weak. With the increase in the thickness-diameter ratio, the judgement factor decreases, the pressure arch effect increases gradually, the compactness of the soil increases, and the floating displacement decreases gradually. Under the large thickness-diameter ratio, the relationship between the judgement factor and the thickness-diameter ratio is weak, but it is strong with the soil property. Currently, a strong pressure arch effect exists in all three types of soils. e more favourable the soil properties are, the smaller the judgement, the stronger the pressure arch effect, the smaller the compression space for the soil, and the smaller the floating displacement of the segments. In addition, it can be seen from Figure 11 that the 6 Advances in Civil Engineering more favourable the soil properties are, the smaller the slope of the relationship between the floating displacement of the segment and the thickness-diameter ratio, i.e.,the stable condition can be achieved under a relatively small thickness-diameter ratio.
Analysis of the Soil Compactness Effect.
Based on the above analysis, the floating displacement of the segment under the condition of silt soil is analysed. e test point of compression displacements is tunnel crown. Figures 12  and 13 show the variation in the floating displacement of the segment and the compression displacement of soil. It can be seen from the figures that when the thicknessdiameter ratio is small, the pressure arch effect is weak, and the displacement of the segment is relatively large. At this time, the compactness of the soil is relatively low, and the compression effect of the floating segments on the plastic zone is more obvious. Soil particles are gradually occluded and compacted under compression, which shows that the compression displacement of the soil is larger at the Advances in Civil Engineeringsmall thickness-diameter ratio. As the thickness-diameter ratio increases, the pressure arch effect gradually increases, the soil compactness increases, the segment is not prone to compressing the soil, and the floating displacement of the segment and the compression displacement of the soil gradually decrease and tend to flatten. e variation law shows that the floating displacement of the segment in the shield tunnel does not disappear but only decreases with the increase of the buried depth, and eventually stabilizes.
In the deep soft soil shield tunnel, the displacement of the floating segment is determined by the shield tail gap, the compression displacement of the soil, and the translational displacement of the soil. Figure 14 shows the variation in the ratio of the compression displacement of the soil to the floating displacement of the segment. e graphical trend indicates that among the three factors affecting the floating displacement of the segment, the compression displacement of the soil accounts for the largest proportion, and when the thickness-diameter ratio is relatively large, the proportion of the compressive displacement of the soil has the maximum value. As the thickness-diameter ratio decreases gradually, the influence of the translational displacement of the soil on the floating displacement of the segment gradually increases.
is phenomenon occurs because when the segment is subjected to the same buoyant force, the vertical relaxation soil pressure is small under the small thickness-diameter ratio, and the stress difference acting on the segment is relatively large. Concurrent with the compressed soil in the plastic zone, it is easier to push the soil up; meanwhile, the proportion of the compression displacement of the soil is smaller than that of the relatively large thickness-diameter ratio. Under the large thickness-diameter ratio, the relaxed soil pressures of each condition are large and similar. Currently, the stress difference in the segment is relatively small, and the segment is prone to compress the soil in the plastic zone. At that moment, the translational displacement of the soil is smaller, and the compression displacement of the soil accounts for a large proportion and tends to be stable with the increase of the thickness-diameter ratio.
Theoretical Analysis of the Surrounding Soil Displacement as Segments Float
From the analysis mentioned above, the overburden is deformed by the compactness and the reverse compression of the soil in plastic zone provides a displacement space for the floating of the segment ring. is mechanism is similar to that of the subgrade deformation in soil mechanics. e foundation structure transmits loads to the subgrade.
Since the material strength of the upper structure is higher than that of the subgrade and the latter is more easily compressed during the contact squeezing process, the foundation and upper structure are vertically displaced, which is the external representation of the stress change on an object. e upper loads are transmitted to the foundation through the subgrade and diffused in the subgrade. Since the soil is compressible, the subgrade will inevitably deform under additional stress, thereby causing the settlement of the upper structure. 
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is phenomenon is similar to the phenomenon of the uplift of the deep shield tunnel segments. When a segment commences floating, it moves inside the grout filled in the shield tail gap at the beginning. If the antibuoyancy provided by shear forces of bolts and the friction between segments is sufficient, at this time, the segment stops moving. If not, the segment will continue floating and start to contact and squeeze the soil in the plastic zone. In this process, the interaction forces between the soil in the plastic zone and the uplifting segments increase until the segments stop floating upward. In the deep shield tunnel, since the distance between the segments and ground surface is long, it is hard for the disturbance effect of the overburden induced by floating segment to transmit to the ground surface. Furthermore, the floating displacement is generally small, and as a consequence, this progress is similar to that of the compression of the building foundation to the subgrade. Based on this analysis, the method for the subgrade settlement calculation in soil mechanics is applied in this paper to solve and analyse the effect produced by the uplifting segments.
Solution to Floating Segments.
e research object of the Mindlin [24] solution is the concentrated force acting on the inside of the soil. However, in a practical project, the load does not appear in the form of a concentrated force.
erefore, in the application process of the Mindlin solution, numerous scholars transformed the surface force to the concentrated force in general and applied it.
In the problem of floating segments in a deep shield tunnel, the influence of the floating segment on the soil in the plastic zone can be approximately considered as that of the vertical concentrated force acting on the inside of the soil, which, using the dint of the Mindlin solution, can solve the stress field and displacement field of soil in the plastic zone with the action of the vertical force. Unlike the problem of a building foundation, there is a large probability that a few buildings are located above the shield tunnel in a city. While the distance between the structure and the shield tunnel is on a different scope, and due to the radius of the segment being large, the floating load acting on the segment cannot be simply regarded as the concentrated force. When the building is far away from the segment ring, the depth of the overburden is large. As a consequence, the acting force of the segment on the soil is effectively superimposed, and the building structure can be completely affected by the entire distributional force. When the building is close to the segment ring, the influence of the size of the segment needs to be considered. erefore, this paper solves the problem of floating segments based on the distribution force and concentrated force.
Concentrated Force.
When the building structure is relatively far from the segment, the load of the segment on the soil can be approximated as a concentrated force. In this case, the load acting on the inside of soils is represented as follows:
where G is the gravity of the segment ring, i.e.,G � ρ
2 ); r 1 and r 2 are the outer diameter and inner diameter, respectively; F res is the shear force of the bolt and the friction of the segment; and F buo represents the total action force acting on the segment, which mainly includes the force of the grout on the segment and the force of the jack on the segment. In equation (7), except for gravity, the other two forces cannot be measured easily. However, in consideration of the practical construction process, the floating displacement is easily obtained. erefore, the required force of the same compression displacement induced by the same soil property from the test approximately represents the load acting on the inside of the soil, P 1 .
When solving the stress field and displacement field at the direction h 1 directly above the segment under the action of the concentrated P 1 at the buried depth, h, the calculation model diagram is shown in Figure 15 .
At the moment when the load action depth c � h and the radius r � 0,
, the stress field and displacement field at that point are as follows:
Distribution Force.
When the position of the building needs to be solved close to the segment, the influence of the size of the segment ring cannot be ignored. Since the segment ring itself is relatively rigid and the buoyant force is comparatively uniform, the compression of the segment ring to the plastic zone can be approximated as a uniform load. In general, the displacement of the segment is usually small and is much smaller than the radius of the segment ring. erefore, when the segment floats upward, the segment ring in contact with the plastic zone is also much smaller in the lateral direction than the circumference of the segment ring. erefore, considering the distribution of the uniform load, it is assumed that it is only distributed in the longitudinal direction, as shown in Figure 16 . When the uniform load acts on the soil, point A on the axis will produce the maximum displacement.
erefore, in the follow-up research, the stress field and displacement field at point A are mainly investigated.
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When point A is subjected to the acting force from point B, θ is the minimum value 0. When point A is subjected to the acting force from point E, θ is the maximum value arctan (l/2h 2 ). e magnitude of the uniform load is
where l is dimensionless and its value is equal to the length of the segment ring, and P 1 is the load of the entire segment ring applied to the soil. When solving the stress field and displacement field at the position h 2 directly above the segment under the action of P 2 , the action depth is c � 0. We set the
, and the vertical displacement of point A induced by point C in the segment is as follows:
e vertical stress is as follows:
By integrating equation (10), the vertical displacement of the distribution force at point A is as follows:
Here, R m is the maximum of the radius R, i.e.,R m � (h 2 2 + (l 2 /4)) 1/2 . By integrating equation (11) , the vertical stress of the distribution force at point A is as follows:
In a practical project, since the calculation of the concentrated force is relatively simple, when the distance is far and the size of the segment can be ignored, the concentrated force is often used to replace the distribution force and generally its value exists as the maximum limit value of the influence. However, in terms of accuracy, the distribution force is greater than the concentrated force. erefore, the subsequent part of this section will mainly analyse the distributional force.
Analysis of Examples.
e relevant parameters of this part are derived from the geological survey data report of the shield tunnel of the Hang-Hang section of Xi'an Metro Line 4. Since the research object is a deep shield tunnel, the parameter value is the maximum buried depth of the shield tunnel vault. According to the geological survey data, the preconsolidation pressure at this depth is P c � 419.8 kPa, and the compressive modulus of the soil E s � 30 MPa. After several consolidated quick shear tests, the recommended values for the soil material parameters are a cohesion of c � 33.5 kPa and an shear strength angle of φ � 24°. According to the China Railway No. 8 (CTE6250) earth pressure balance shield employed in the shield tunnel of Xi'an Metro line 4, the outer diameter of the cutterhead is 6280 mm, and the outer diameter of both the shield shell of the middle shield and the shield tail is 6240 mm, i.e.,r 0 � 3140 mm and r b � 3120 mm.
To reduce the difficulty of the research and facilitate the development of the subsequent analysis, it is necessary to utilize the content of the abovementioned geological survey report for the approximate values of some parameters in this section.
Assuming that the homogeneous soil is isotropic, the initial uniform earth pressure P 0 is approximately equal to the preconsolidation pressure P c of the soil, i.e.,P 0 � 419.8 kPa. We take Poisson's ratio of the soil as μ � 0.3 and the deformation modulus of the soil within the plastic zone as
MPa. e elastic modulus of the soil within the elastic zone is twice the modulus of the deformation, i.e.,E � 2E 0 � 45 MPa. e buried depth of the tunnel is 22 m, the elastic modulus E of the soil is 45 MPa, and Poisson's ratio μ is 0.3, which can obtain the shear modulus of the soil as G � E/2(1 − μ) � 17.3 MPa. Figure 17 is the disturbance displacement diagram of the upper structure induced by the floating segments under the parameters of this part. e figure reflects the influences of the buoyant force and the structural spacing on the disturbance displacement. Overall, the dark blue region in the figure is more biased towards the structural spacing, thus indicating that the overall effect of the buoyant force on the disturbance displacement is greater than the effect of the structural spacing on the disturbance displacement. Furthermore, as the buoyant force increases, the disturbance displacement exhibits a linearly increasing variation; however, as the structural spacing decreases, the growth rate of the disturbance displacement increases. is characteristic shows that when the structural spacing is small, the influence of the structural spacing on the disturbance displacement is greater than the influence of the buoyant force.
Conclusions
In the problem of segment uplift compressing the overburden, this paper investigates the displacement variation during the movement process using the combination of a numerical simulation and theoretical analysis and studies the applicability of the Mindlin solution to the segment uplift problem. Based on the analysis, the following conclusions can be drawn:
(1) e segment uplift is mainly constituted by three parts in space: the shield tail gap in response to the excavation, the contraction displacement of the soil in the plastic zone induced by the squeeze of the segment, and the gross translational displacement of the soil in the plastic zone. (2) With the increase in the thickness-diameter ratio, the floating displacement of the shield segment has not disappeared but gradually decreases and tends to a stable value, i.e.,whether the shield segment is floating or not has no effect on the tunnel depth, whereas it is related to the construction process of the shield. (3) When the buried depth of the shield tunnel in the soft soil area is large, due to the influence of the pressure arch effect, the buoyant force acting on the soils in the plastic zone is compressed layer by layer, and the compression displacement of the soil accounts for a large proportion of the floating displacement of the segment. (4) e pressure arch effect has a significant effect on the size of the floating displacement of the segment. On the one hand, the presence of the pressure arch can reduce the gravity of the soil in the plastic zone acting on the segment, and the stronger the pressure arch effect is, the more obvious this effect. On the other hand, when the pressure arch effect is strong, it often means that the soil compactness is higher, and the ability of the segment to compress the soil is weaker. (5) Based on the theoretical analysis of floating segments, the calculation expression of the disturbance displacement and the stress of the surrounding soil and building structure are obtained using the Mindlin solution. According to the analysis of the example, when the structural spacing is small, the influence of the structural spacing on the disturbance displacement is much greater than the influence of the buoyant force on the disturbance displacement.
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